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ABSTRACT 
 

Objective: The primary objective of this study is to evaluate resting-state functional 

connectivity and symptom severity, as determined by sleep architecture and clinical 

scales, in order to investigate group differences of participants currently in a major 

depressive episode (MDE). The secondary objective is to provide preliminary data to aid 

in the analysis following the unblinding of all investigators in CAN-BIND12. 

Methods: This was an 8-week, double blind randomized control trial. Participants were 

placed in two separate groups, such that mean MADRS scores did not significantly differ. 

Resting-state functional connectivity changes across the 8 weeks were evaluated for each 

group. Differences in clinical scores (mood, anxiety, and sleep quality) and sleep 

architecture were determined between-groups as well as within-groups. All measures 

were collected at baseline and week 8.  

Results: GROUP B displayed higher symptom severity, as seen by significantly greater 

MADRS and PSQI scores, compared to GROUP A. GROUP B was also the only group 

to show any significant changes in functional connectivity. The regions identified in the 

analysis have either been implicated in the Default Mode Network, the Salience Network, 

or sensory processing. Sleep architecture measures did not greatly differ in both the 

between-groups and within-groups analyses.  

Conclusion: The incidence of functional connectivity changes in the group with greater 

symptom severity across the 8 weeks, may be indicative of a relationship between whole-

brain functional connectivity and depressive symptoms. Due to the fact that this 

difference was seen in a group solely compromised of clinically depressed individuals, 

fMRIs may be a useful tool when parsing through the many individual differences 
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experienced by those with MDD. These results will also provide a basis upon which 

further conclusions can be made at the completion of CAN-BIND12, specifically the 

relationship between probiotics and functional connectivity.  
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Chapter 1: Introduction 
 

1.1 General Overview 
 

  Major Depressive Disorder (MDD) is a psychiatric disorder characterized by its effect on 

an individual’s mood, causing prolonged periods of sadness and/or anhedonia. The Diagnostic 

and Statistical Manual of Mental Disorders, 5th edition, (DSM-5) outlines all the criteria used to 

definitively diagnosis an individual with MDD. To be given such a diagnosis, at least five 

symptoms from the following criteria must be present for a minimum of two weeks: depressed 

mood, decreased interest or pleasure, significant weight change or change in appetite, change in 

sleep, change in activity, fatigue or loss of energy, guilt/worthlessness, concentration, and 

suicidality (American Psychiatric Association, 2013). The prevalence of MDD has been found to 

be significantly high, solidifying its concrete position as a common topic for research. 

Approximately 11% of Canadians over the age of 15 will experience at least one major 

depressive episode, and of those individuals there is a 22% chance that they will be diagnosed 

with treatment resistant MDD (Pearson et al., 2013). As of late, the focus has been on the 

etiology and intrinsic properties of the disorder. MDD is highly variable, with each patient 

presenting symptoms in their own unique manner and requiring different treatments. The lack of 

consistency in presentation and treatment has created a large issue revolving around how to 

detect and treat the disorder. Due to this, the ways in which one can study MDD is vast.  A 

recent Canadian initiative, CAN-BIND is attempting to combat this question by employing a 

multi-site study looking for biological markers of depression. Genetics, proteomics, 

metabolomics, neuroimaging, polysomnography, extensive family history, and clinical scales are 

being used in order to create a detailed profile for each participant. By identifying biological 

properties that indicate MDD a definitive tool for diagnosis can be used within a large 
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population. This may also shed light on possible subtypes/variations of MDD. The need for such 

a guideline is evident.  

1.2 CAN-BIND12 

This current study is a branch of CAN-BIND as it as the first iteration of CAN-BIND 12, 

a 16-week double-blind controlled randomized trial investigating the effects of a probiotic 

supplementation on MDD symptoms (Wallace et al., 2019). Recent evidence outlining the robust 

effects of the gut microbiome on mood and behaviour is the basis for using probiotics as the 

investigational product (IP).  The human microbiome is a collection of trillions of transient 

microbial cells that have sites all across the body (Wallace & Milev, 2017).  The bacteria in this 

community can be identified based on its structure, relative abundance, or function (e.g. its 

metabolic activity). Due to the migratory nature of microbes, they often come into contact with 

human cells. This communication provides a benefit, as both cell types aid one another in a 

mutualistic manner. This community of microbial cells exerts its effects on multiple bodily 

functions such as immune system development, digestion, pathogen defense, growth, metabolism 

and the development/function of the brain (Jandhyala et al., 2015).  Although the gut 

microbiome is capable of influencing multiple processes in the body, the one of interest is the 

connection between the gut and the brain. This is dictated by the gut-brain axis, a bi-directional 

communication network between the gut and the brain. 

The protocol was constructed so that one can assess changes in mood, anxiety, sleep, and 

cognition before and after the introduction of the investigational product (eg. Probio’StickÒ, 

Lallemand Health Solutions). The collection of clinical, neuroimaging, and molecular data will 

then be used to identify any biological markers that predict the antidepressant response from 

daily consumption of the Probio’StickÒ. The project is split into two separate phases, with phase 
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1 covering the first 8 weeks and phase 2 the last 8. This current study involves only phase 1, as 

the two parameters of interest are collected exclusively from Week 0 to Week 8; there is no data 

relevant to this study in Weeks 9-16. These parameters include sleep architecture and 

neuroimaging, as there is a plethora of literature indicating their importance in MDD studies. 

1.3 Neuroimaging 

 Magnetic resonance imaging (MRI) is at the forefront of neuroimaging studies because 

the technique is able to create detailed images without being invasive. MRI employs the use of 

magnetic fields and radiofrequency to construct an accurate representation of the brain. The 

machine is comprised of a series magnetic coils and a radio frequency transmitter/receiver 

(Glover, 2011). Neuroimaging studies have provided both pertinent anatomical and functional 

information about MDD. Studies analyzing the anatomical differences between depressed 

patients and healthy populations have produced consistent results showing hippocampal atrophy, 

abnormal white matter densities, increased corpus callosum cross section, and decrease in 

hippocampal size (Zhu et al., 2016; Lin et al. 2012). The literature on functional differences is 

more widespread due to the use of varying task paradigms, regions of interest, imaging 

techniques and inherent individuality. However, it is well known that depressed individuals 

respond differently to both positive and negative stimuli than healthy controls. Although there 

are inconsistencies with these studies, it is important to note that this does not have to be 

deterrent. Utilizing functional imaging techniques may provide a new way of identifying 

individual-level differences, an aspect of diagnosis that is very much needed. The manifestation 

of MDD is not confided to one path and neither should study analyses. 
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1.4 Sleep Architecture 

 Abnormal sleep symptoms resulting in a decrease in sleep quality is exhibited by 90% of 

individuals diagnosed with MDD (Tsuno et al., 2005). Sleep disturbances often manifest as 

insomnia, an important symptom due to its complementary relationship with MDD.  It has been 

documented that non-depressed individuals with insomnia are more likely to develop depression. 

Although insomnia has a specific relationship with MDD, any form of sleep disruption can play 

a role. Symptom severity, treatment response, and experiencing recurrent Major Depressive 

edpisodes are also closely linked to sleep disturbances (Buysse et al., 1999; Liu et al., 2007; 

Baglioni et al., 2011). Due to this relationship, MDD treatment often focuses on alleviating these 

issues with sleep. However, in order to properly change sleeping patterns, it is imperative to note 

what aspect of sleep is disrupted. Sleep is separated into two phases: non-rapid eye movement 

(NREM) and rapid-eye movement (REM) sleep (Purves et al., 2001). These phases are then 

broken down into 5 stages: Stage 1 - 4 (NREM sleep) and REM sleep. Stages 3-4 are often the 

main focus because this is where the deepest stages of sleep occur, better known as slow wave 

sleep (SWS). SWS constitutes the first two-thirds of a sleep cycle, while REM sleep takes up the 

last third (Markov & Goldman, 2006). The beginning of the sleep cycle is important because 

health-altering changes occur, such as memory consolidation and tissue repair (Born & Wilhem, 

2012; Holl et al., 1991). If this portion of the sleep cycle is disturbed the consequences will 

extend to both physical and cognitive systems. Unfortunately, the abnormalities outlined in 

MDD directly affects SWS and is believed to be the main proprietor of the negative symptoms 

associated with the disorder (Plante et al., 2013). Sleep architecture associated with MDD often 

consists of spending more time in REM sleep and time spent in SWS is decreased. This means 

that the mechanisms behind balancing the stages of sleep have been altered – a key theory that 
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associated with dysregulation of neurotransmitters. An imbalance or dysregulation of 

neurotransmitters is one of the fundamental neurological changes in depression and can by 

implicated in sleep regulation. Acetylcholine, norepinephrine, and serotonin modulate sleep 

onset, sleep cycle transitions and wakefulness (España & Scammell, 2011). When 

antidepressants that target neurotransmitter activity are introduced, the problems with sleep often 

subside. One of the major forms of pharmacological intervention are selective serotonin reuptake 

inhibitors (SSRIs). SSRIs mechanism of action is to suppress serotonin transporters which results 

in an increase in serotonergic neurotransmission. Secondary results to SSRIs use is to increase in 

REM sleep onset latency and a decrease in the time spent in REM sleep (Jindal et al., 2003). This 

would translate into the normalization of the sleep cycle and an increase in SWS. 

1.5 Objectives 
 
 The aim of this project is to determine resting-state functional connectivity, clinical scale 

and sleep architecture changes within a clinically depressed population. Groups will not differ in 

MADRS scores at baseline, so that symptom severity across the duration of the study can be 

analyzed. Despite not knowing the experimental group the participants are in (placebo vs 

Probio’StickÒ), this information can still provide a strong foundation upon which future 

conclusions can be placed upon. These are only preliminary steps needed to help advance the 

literature. 

1.6 Hypotheses 
 
 The primary hypothesis is that differences, if any, in symptom severity will be associated 

with changes in resting-state functional connectivity. It is expected that the group with aberrant 

connectivity will also demonstrate clinical scale scores indicative of worse depressive symptoms 

and abnormal sleep architecture. 
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Chapter 2: Review of Major Depressive Disorder, Neuroimaging, 
Polysomnography, and Probiotics  

 

2.1 Major Depressive Disorder   

 Major Depressive Disorder (MDD) is a debilitating psychiatric disorder that manifests 

itself both psychologically and physiologically (Oltmanns et al., 2006). It is typified by a low 

mood, loss of interest in enjoyable tasks, decrease/increase in sleep, and loss/intensification of 

appetite over a prolonged period of time. The many symptoms associated with the disorder 

allows for there to be a wide variety of presentation, making effective treatment difficult. 

2.1.1 Pathophysiology 

 The variable nature of MDD has created issues with finding precise mechanisms that 

explains all the facets of the disease. The proposed pathophysiology’s of MDD extends to 

genetics, environmental factors, epigenetics, immune system regulation, and neurochemical 

balance. 

Genetics 

Genetics is a known strong influencer of MDD as familial history of mental health 

problems is used as a diagnostic tool (Geschwind & Flint, 2015). The heritability of MDD is 

approximately around 35% with the probability of developing the disorder increasing the more 

closely related individuals are; first degree relatives are more at risk (Geschwind & Flint, 2015). 

Although a genetic link has been made, the specificity of this relationship is not well understood. 

The literature has yet to find consistent and replicable results outlining the exact genes 

responsible for MDD. A recent study looking for genome-wide markers of MDD only detected 

15 significant gene loci (Hyde et al., 2016). However, this has yet to be replicated because of the 

need for such a large sample; the study gathered this data from 75,607 self-report MDD patients 
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and 231, 747 healthy controls (Hyde et al., 2016). Further research is needed with a sample size 

that can effectively represent the heterogeneity of the disorder. 

Environmental Factors 

Although genetics play an important role it can only do so much, other life factors do 

exert their effects. The environment in which an individual grows up in, especially in the early 

years, greatly influences neurodevelopment and future neurological functioning. Traumatic 

events such as psychological neglect, sexual abuse, domestic violence, or separation from 

caregivers greatly increases the possibility of an individual being developing MDD later in life 

(Li et al., 2016). Stressful and/or traumatic life events do not have to be confided to only the 

childhood years to be significant. Even as an adult the presence of life stressors like lack of 

financial stability, loss of a family member, chronic/life threatening health issues, domestic 

violence, and unemployment negatively affect mental health (Kessler, 1997). There is a direct 

connection between the number of traumatic events with severity and chronicity of MDD 

(Kessler, 1997). This is due to the processes that are initiated when presented with a stressor. The 

stress response is controlled by the hypothalamus, the relay center of the brain. The 

hypothalamus is the main line of communication for the autonomic nervous system (ANS), 

which controls involuntary functions (e.g. breathing, heartbeat, blood vessel dilation, and blood 

pressure) (McCorry, 2007). The ANS is divided into the sympathetic and the parasympathetic 

nervous system. The sympathetic nervous system is what regulates the body’s stress response - 

when a stress-inducing event is identified the amygdala alerts the hypothalamus which then 

activates the sympathetic nervous system by initiating epinephrine release from the adrenal 

glands (Stephens, 2012). As the epinephrine begins to dissipate and the stressor continues, the 

second line of defense is activated – the Hypothalamic-Pituitary-Adrenal axis (HPA axis). The 
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hypothalamus releases corticotropin-releasing hormone (CRH) and this causes the pituitary gland 

to secrete adrenocorticotropic hormone (ACTH) (Stephens, 2012). ACTH elicits its effects on 

the adrenal glands by triggering the release of cortisol. This step is notable because cortisol is the 

“stress hormone” and is often the hormone of interest in MDD studies (Otte et al., 2016). The 

HPA axis is the focal point of the environmental factor model of MDD pathophysiology because 

of its role in the stress response. If an individual experiences a chronic stressor the HPA axis will 

be continuously stimulated. This persistent stimulation results in HPA hyperactivity, activation 

of the inflammatory system, and cortisol resistance (Jeon & Jim, 2018).  

Gene-Environment Interactions 

At the centre of the interplay between genes and the environment is the idea of epigenetic 

control. Epigenetics can be broadly defined as the study of genetic modifications and its effect on 

an organism’s development (Roth et al., 2010). The genetic modifications are referred to as a 

process called methylation, which is the addition of a methyl group onto a specific gene 

(Holliday, 2006). This methylation can either turn on or off a gene, resulting in the change of the 

gene’s expression. In MDD, genetic makeup greatly increases the risk of the disorder when there 

is exposure to environmental stressors (Li et al., 2016). A candidate gene that has been 

implicated in gene-environment interactions is peptidyl-prolyl cis-trans isomerase (FKBP5), a 

binding protein that regulates glucocorticoid receptor sensitivity (Klengel et al., 2013). Stress-

dependent demethylation of polymorphisms in FKBP5 has been documented in individuals with 

MDD (Anacker et al., 2011). This results in an increase of FKBP5 expression in response to 

stressors and glucocorticoid receptor resistance (e.g. cortisol resistance). The presence of 

epigenetic changes has also been noted when analyzing post-mortem samples of MDD patients. 

It was more increasingly seen in those individuals that had committed suicide and were exposed 
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to adverse early-life events (McGowan et al., 2009). Epigenetic control does provide a promising 

outlook on the interaction between genes and the environment, but future studies are still needed. 

The percentage of epigenetic changes found in MDD patients is not yet high enough to 

definitively express its influence. 

Immune System Regulation 

 The importance of the HPA axis in the development of MDD extends beyond simply 

reacting to environmental stressors. The dysregulation of the HPA axis results in increased 

cortisol, which is a characteristic seen in a large portion of individuals with MDD (Jeon & Kim, 

2018). Changes in the HPA axis is also associated with the cognitive impairments in these 

individuals and attenuated by severity and the presence of melancholic and/or psychotic features 

(Nelson & Davis, 1997). The dysfunction of the HPA system, although influential, does not fully 

explain MDD nor does it provide effective treatment options. Clinical studies investigating the 

use of CRH antagonists or glucocorticoid-lowering compounds have provided mixed results. 

 An increase in cortisol levels is not the only significant outcome the HPA axis elicits, it 

also initiates the inflammatory system. Normally cortisol inhibits the release of inflammatory 

factors, but with the cortisol resistance exhibited due to a hyperactive HPA axis, these factors are 

able to circulate the body (Jeon & Kim, 2018). Inflammation is the first response of the innate 

immune system and is produced by peripheral cytokines. Cytokines are small proteins that work 

as inflammatory mediators through cell signaling (Young et al., 2014). They are able to cross the 

blood-brain barrier and act directly on CNS-resident cells (e.g. astrocytes, microglia and 

neurons) (Young et al., 2014). Cytokines are also implicated with changes in monoamines, a 

specific branch of neurotransmitters that directly affect behaviour. In MDD IL-6, IL-10, IL-13, 

IL-1b, and TNF are pro-inflammatory cytokines that are often studied (Jeon & Kim, 2018). 
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When cytokines pass through the blood-brain barrier they create an inflammatory response 

which then puts neurons under oxidative and nitrosative stress. This sparks an autoimmune 

reaction that further damages the neurons. This self-inflicted attack results in a disruption of the 

neural plasticity pathway, decrease in neurogenesis and a higher incidence of neurodegeneration 

(Eisch & Petrik, 2012). Through creating a falter in these restorative processes cognitive and 

behavioural impairments are more likely to develop.  

Neurochemical Balance 

The presence of cytokines can cause the manifestation of MDD symptoms in other way 

besides neuroinflammation: increasing the expression of serotonin (5-HT) transporters in the 

hippocampus, changes in NMDA receptors, and decreased levels of brain-derived neurotrophic 

factor (BDNF) (Molendijk et al., 2014). When 5-HT transporter expression is increased then the 

amount of available 5-HT in the brain decreases. 5-HT is a monoamine neurotransmitter that has 

been implicated with MDD, along with noradrenaline and dopamine. The influence of 

monoamines has been extensively researched and is still a prominent part of MDD 

pathophysiology. Many pharmaceutical treatment options are based on the idea that low mood is 

induced primarily by a lack of 5-HT; a majority of antidepressants work by increasing the levels 

of 5-HT (Otte et al., 2016). Cytokines also create a change in NDMA receptors, specifically 

these receptors become upregulated. This then increases the amount of synaptic glutamate and 

creates a glutamatergic excitotoxicity (Jeon & Kim, 2018). Neuronal cells cannot survive in such 

a toxic environment. These cells go through apoptosis, the systematic death of a cell. This cell 

death creates neuronal damage which subsequently negatively affects the neuroplasticity 

pathway and promotes neurodegeneration (Jeon & Kim, 2018). The ability of the brain to 

provide an environment conducive to neuronal health and neurogenesis is very important. If cells 
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are unable to regenerate and repair, basic functioning suffers. The decreased levels of BDNF also 

hinders the neuroplasticity pathway. BDNF is a protein integral in neurogenesis, differentiation 

and maintenance (Molendijk et al., 2014). Although the exact role of BDNF and neurogenesis 

has not been defined, there have been studies that have found lower levels of BDNF in the sera 

of patients with MDD (Molendijk et al., 2014). At a cellular level the process of neurogenesis in 

adulthood fosters resilience to stressors by strengthening glucocorticoid-mediated negative 

feedback on the HPA axis (Egeland et al., 2015). This impedes the initiation of cortisol 

resistance which is a starting point of chronic neuroinflammation. 

 There is a multitude of systems that have an impact an individual’s behaviour and 

cognition in a way that could manifest as MDD. This illuminates the need for diagnostic tools 

that are reliable on an individual-level.  

2.1.2 Major Depressive Disorder Specifiers 

The DSM-5 outlines MDD subtypes that are delineated by a combination of specific 

symptoms, known as specifiers. These clustering characteristics are grouped as anxious distress, 

mixed features, atypical, melancholic, psychotic, catatonia, seasonal or peripartum onset 

(American Psychiatric Association, 2013; Otte et al., 2016). The first specifier was introduced 

into the DSM-5 due to the high comorbidity with anxiety. To be diagnosed with MDD with 

anxious distress two of the following must be present: a sense of being tense, unusual 

restlessness, worry of loss of self-control, difficultly concentrating due to intense worry, and a 

strong fear that bad things will happen (American Psychiatric Association, 2013; Otte et al., 

2016). Mixed features are in reference to the idea that MDD lies on a continuum with bipolar 

disorder and focuses on mania-related symptoms. An individual must experience at least three of 

the following: elevated mood, heightened self-esteem, racing thoughts, increased speech, 
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engaging in activities with negative outcomes, and a reduced need for sleep (American 

Psychiatric Association, 2013; Otte et al., 2016). MDD with atypical features requires two or 

more of the following: significant weight gain or increased appetite, hypersomnia, leaden 

paralysis, and social impairment due to the fear of rejection (American Psychiatric Association, 

2013; Otte et al., 2016). This individual must also display heightened mood reactivity, meaning 

that they have a strong reaction to both positive and negative stimuli. The melancholic subtype of 

depression is associated with individuals who display three or more of the following: profound 

hopelessness or despair, a worsening of mood in the morning, psychomotor issues, early morning 

awakenings, extreme feelings of guilt, and weight loss (American Psychiatric Association, 2013; 

Otte et al., 2016). The symptoms that is at the forefront of this subtype is anhedonia, the inability 

to feel pleasure, and the lack of mood reactivity - this is a stark contrast to atypical features. 

MDD with psychotic features is determined by the presence of delusions or hallucinations in 

addition to MDE criteria (American Psychiatric Association, 2013; Otte et al., 2016). Catatonia 

features include the addition of psychomotor retardation during the majority of an MDE. These 

motor dysfunctions present as motor immobility, excessive movement, mutism, odd posture, and 

repetitive movements (American Psychiatric Association, 2013; Otte et al., 2016). The last two 

specifiers occur during very specific times, with seasonal features developing at a certain time of 

the year. This follows a distinct pattern as it is at the same time every year and is better known 

as, Seasonal Affective Disorder (SAD) (American Psychiatric Association, 2013; Otte et al., 

2016). Those with SAD must display the criteria for an MDE during these specific times. 

Depression with peripartum onset is associated with individuals that display the criteria for an 

MDE during pregnancy or within four weeks of giving birth (American Psychiatric Association, 

2013; Otte et al., 2016). 
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2.1.3 Treatment 

The treatment and management of MDD often falls within one of these two categories: 

psychotherapy and pharmacotherapy. Psychotherapy follows the thought that MDD symptoms 

are due to an individual’s thought processes and tries to correct any negative patterns. 

Pharmacotherapy is based on the literature that outlines the changes in neurotransmitters 

exhibited by MDD patients. Both do create relief for patients, but it is difficult to identify which 

method will work and whether they need to be supplemented with other methods. 

Psychotherapy 

Common psychotherapy practices used to treat MDD include cognitive-behavioural 

therapy (CBT), interpersonal therapy (IPT), behavioural activation (BA), psychodynamic 

therapy, problem-solving therapy and mindfulness-based therapy (Otte et al., 2016). CBT is a 

form MDD treatment that focuses on the cognitive model of mental illness outlined by Beck 

(1964). This practice teaches that emotions and behaviours are based on an individual’s 

perception of the event. (Otte et al., 2016). Patients are instructed to identify negative thinking 

patterns and are given tools to change the narrative. The aim is to replace negative thoughts with 

positive ones. This conscious acknowledgement of a negative outlook in order to change them is 

also taught in IPT. However, the thoughts of interest are those associated with relationships (Otte 

et al., 2016). This could include thoughts following an argument, a loss, or change in relationship 

dynamics. These are often associated with the onset of MDD or maintenance of current 

symptoms. IPT has 4 interpersonal problem areas that dictate treatment: bereavement, social role 

transitions, social deficits with interpersonal sensitivity, and disputes (Parikh et al., 2016). BA 

focuses on aversive emotions and how they are perpetuated by escape and avoidance behaviours. 

This type of behaviour becomes self-reinforced due to the lack of positive-reinforcement of non-
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depressive behaviour (Parikh et al., 2016). The goal of BA is to identify this cycle and improve 

functioning in order to prevent future relapse (Parikh et al., 2016). Understanding one’s own 

thoughts is important when it comes to psychotherapy, but there is also merit in understanding 

how these thoughts come to fruition. Psychodynamic techniques explore how emotions, thoughts 

and early life experiences have shaped current mental health issues (Fonagy, 2015). This form of 

therapy teaches the patient the intersectionality of environment and emotion (Fonagy, 2015). The 

hope is that through having a greater understanding of why problems have arisen it will be easier 

to try fix them. The notion that the individual is capable of changing and solving their own 

internal problems is also implemented in problem-solving therapy. Patients are given the devices 

needed to address, identify and overcome mental barriers that have been blocking their well-

being (D’Zurilla & Nezu, 2010). It is evident that these therapies are very detailed oriented and 

work best when an individual is able to accurately and precisely recognize a problem. 

Mindfulness-based therapy takes this attention to detail a little further by using meditative and 

contemplative techniques. The core of this therapy is to pay attention to one’s own present 

thoughts, sensations, consciousness, experiences and feelings in a non-judgmental manner 

(Hofmann et al., 2010). It teaches individuals to respond to stressful events in a reflective way 

rather than reflexive. Although all these methods of psychotherapy differ in terms of specific 

execution, the core concepts are all the same. Cognitive awareness of one’s own emotions, 

thoughts and coping techniques is imperative when trying to alter thought patterns and 

behaviours. Psychotherapy has been found to provide benefits that do not significantly differ 

from pharmacotherapy (Weitz et al., 2015) but there are some negatives associated with this 

method of treatment. Firstly, psychotherapy does not work for every patient and cannot be 

expected to always produce robust effects. Secondly, having access to such programs is not a 



 15 

reality for many. This could be due to a lack of resources within an individual’s community, the 

inability to adhere to the time commitment required for some of the programs or financial 

constraints. For any reason that psychotherapy is not a viable option for a patient, pharmaceutical 

treatment becomes an attractive option.  

Pharmacotherapy 

The goal of pharmacotherapy is to eradicate or manage negative emotional symptoms of 

MDD. Three of the most prominent classes of antidepressant drugs are reuptake inhibitors, 

tricyclic antidepressants (TCAs), and monoamine oxidase inhibitors (MAOIs). Reuptake 

inhibitors work by blocking the reabsorption of a neurotransmitter in the synaptic cleft and 

therefore increasing its levels in the brain (Sangkuhl et al., 2010). Selective-serotonin reuptake 

inhibitors (SSRIs), serotonin and norepinephrine reuptake inhibitors (SNRIs), and 

norepinephrine and dopamine reuptake inhibitors all fall underneath the umbrella of reuptake 

inhibitors. SSRIs, and SNRIs block the reuptake of serotonin, and serotonin and norepinephrine, 

respectively (Sangkuhl et al., 2010; Hartford et al., 2007). TCAs are an older antidepressant and 

are very similar to reuptake inhibitors in that they block the reabsorption of neurotransmitters. 

TCAs exert their effects on serotonin and epinephrine levels (Otte et al., 2016). MAOIs method 

of action is to block monoamine oxidase, an endogenous enzyme that breaks down serotonin, 

epinephrine, and dopamine (Otte et al., 2016). Despite the wide variety of drugs available, there 

are situations where the patient does not respond to the pharmaceutical intervention. A 

combination method is often taken, in hopes that both psychotherapy and pharmacotherapy 

would create a positive effect. However, there are times this does not work either. These patients 

are then labelled with treatment resistant depression (TRD). In extreme cases of TRD, 

electroconvulsive therapy or transcranial magnetic stimulation may be prescribed (Otte et al., 
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2016). These two therapies actively affect mood and behaviour by disrupting neuronal pathways 

in areas of the brain thought to be associated with MDD. 

2.2 Neuroimaging Overview 

Neuroimaging was chosen as a test of interest due to its documented application in the 

field of psychiatry, as a means to further understand the structural and functional changes 

associated with neurological disorders. Such changes have been shown to be influenced by 

pharmacological and psychological treatments, leading to the conclusion that there may be 

candidate brain regions that can predict clinical response (Helm et al., 2018). Through 

determining and analyzing these regions there is the possibility of developing a firm method of 

diagnosis and predicting treatment response. The method of neuroimaging that is most 

commonly used is MRI – which manipulates cell response to magnetic fields (Glover, 2011). 

Images are created through capturing the energy release of protons when they realign to their 

equilibrium state. However, this can only answer questions pertaining to structure. Functional 

conclusions can be made when a fMRI is employed. Metabolic and oxygenation changes in the 

brain are used as indication of function and are captured during a fMRI scan (Glover, 2011). 

Both MRI and fMRI studies have provided important data on the structural and functional 

alterations that occur in patients with MDD. 

2.2.1 Anatomical Neuroimaging 

The study of MDD etiology has focused on morphometric differences, in hopes to find a 

physical basis of the disorder. Studies analyzing the anatomical differences between patients and 

healthy populations have produced consistent results showing structural reductions in brain 

regions associated with emotional regulation. Both the medial system of the prefrontal cortex 

(eg. Orbitofrontal cortex, ventromedial prefrontal cortex, and anterior cingulate cortex) and 
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lateral prefrontal system (eg. Ventrolateral prefrontal cortex and dorsolateral prefrontal cortex) 

are reduced in individuals diagnosed with MDD (Wise et al., 2014). Significant volumetric 

decreases are found in subcortical regions that regulate affective regulation, such as the striatum, 

the hippocampus, and amygdala (Wise et al., 2014). Of all these structures, the hippocampus has 

been documented to be the most sensitive to pharmacological and clinical intervention (Malykin 

et al., 2010). Both of these methods of treatment have been labelled as neuroprotective as 

hippocampal size does not decrease at the same rate as those not undergoing treatment (Malykin 

et al., 2010). The hippocampus is the portion of the limbic system that is responsible for memory 

and has been documented to work in conjunction with the amygdala, the key structure for 

emotion and mood (Gotlib & Hamilton, 2008). The shrinkage of the hippocampus is attributed to 

dendritic retraction, neuronal cell death and a decrease of neurogenesis due to the elevated levels 

of glucocorticoids (Malykhin et al., 2010). Episode recurrence, history of childhood trauma, and 

visual/verbal deficits also influence the degree to which hippocampal size is reduced. The 

hippocampus is comprised of different subregions (the head, body and tail) with their own 

specific functions. Volumetric changes in the tail and head are seen as trait changes, while body 

changes are dependent on treatment (Malykhin et al., 2010). 

Although these deviations in structure associated with MDD do provide a promising 

example of biological differences between MDD patients and healthy controls, the question of 

“Why” is not properly answered. In order to truly understand the neurological mechanisms 

involved with MDD symptoms brain function/brain region interactions must be investigated. 

2.2.2 Functional Neuroimaging 

Studies investigating the functional processing of the brain have shown a variety of 

results due to the high degree of individual differences. The tasks often employed by these 



 18 

studies focus on symptoms that are specific to the disorder. In the case of MDD tasks may touch 

on emotional regulation or anhedonia. A large portion of the literature on functional alterations 

often illustrates the response to negative and positive stimuli. In response to negative stimuli the 

limbic regions of the brain, specifically the amygdala, experience an increase in activity (Wise et 

al., 2014). This is thought to be due to the notable overregulation of the HPA axis demonstrated 

by individuals with MDD. It is important to note that this is also depressed-state specific, which 

indicates there is a neurological difference between those currently experiencing a depressive 

episode versus those with a history of depression (Wise et al., 2014). This heightened reactivity 

in the amygdala is normalized and response to positive stimuli increases after antidepressant use 

(Wise et al., 2014). Positive stimuli have an opposing effect and show a decrease in activity, in 

coherence with a major MDD symptom – anhedonia, the inability to experience pleasure. These 

responses have been documented as MDD specific, for patients diagnosed with Bipolar Disorder 

show an increase in positive stimuli (Wise et al., 2014). 

Although these results do exhibit the ways in which MDD patients experience functional 

changes, they must be referred back to the models/theories outlining the neural networks 

implicated in MDD. One of these neural networks is the salience network (SN), which controls 

motivated behaviour by detecting behaviourally relevant stimuli and coordinating the neural 

response (Menon, 2015). The dorsal cingulate, anterior insula, ventral striatum and amygdala are 

all components of the SN (Menon, 2015). Hyperconnectivity of the amygdala often shown in 

fMRI studies is believed to be due to its role in the SN. Decreased activity of another network 

component, the ventral striatum, is also commonly demonstrated and this leads to a decrease in 

the recruitment of saliency-processing areas (e.g. dorsal cingulate and anterior insula) (Menon, 

2015). The default mode network (DMN) is also implicated in neuroimaging studies. The DMN 
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refers to a large-scale grouping of interconnected brain structures that include the medial 

prefrontal cortex, posterior cingulate cortex, and the inferior parietal lobule (Greicius et al., 

2003). The activity of this connection is highest when the brain is at rest – when the brain does 

not require any specialized networks and is working on default. The DMN is structurally 

hyperconnected in patients with MDD and this presents as excessive ruminative thoughts and 

self-focus (Hamilton et al, 2015). The DMN has also shown that its functional topography is 

highly individualized and could provide a method of accurate psychopathology characterization 

(Marek, 2018). The frontoparietal cognitive control network is another brain circuit that has been 

implicated in fMRI studies investigating the symptoms of MDD (Marek, 2018). This network 

coordinates rapid behavioural responses in a goal-driven manner (Marek, 2018). A meta-analysis 

found that frontoparietal hyperconnectivity is associated with goal-directed deficits in MDD.  

The benefit to using fMRI as an investigatory tool is that it allows for a higher level of 

specificity. This specificity may pave the way for novel proactive testing. A study by Fu et al. 

(2008) found that it was possible to classify participants as responders or non-responders based 

on baseline anterior cingulate cortex activity when viewing sad faces. Participants were labelled 

with 87.5% accuracy. This ability to discern individual differences speaks to the validity of using 

functional connectivity/activity as a characterization tool. Resting-state scans can be used 

differentiate between controls and MDD patients on an individual level through using the idea of 

regional homogeneity - using a seed region and correlating its voxels with others in the brain. A 

very interesting study conducted by Drysdale et al. (2016) created subtypes of depression 

(atypical, melancholic, seasonal and agitated) and examined the differences in resting-state 

scans. These were devised by analyzing characteristic changes in circadian rhythms, 

neuroendocrine activity, and other biological markers. They found that the connectivity-based 
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biotypes that were associated with the differences in clinical symptoms was also associated with 

the subtypes. Although these results are promising and show clinical benefits to utilizing resting-

state as a neuroimaging biomarker, in order to substantiate its implication response to 

antidepressant treatment is needed. Lui et al. (2013) found that participants that responded to 

antidepressant medication showed a reversal of connectivity issues displayed at baseline. 

Consequently, it is evident that functional neuroimaging, specifically resting-state scans, 

can provide an accurate depiction of neurological changes due to MDD. Further research 

outlining the specific neurological changes, including MDD subtypes, is necessary. 

2.3 Sleep Architecture Overview 

One of the most common symptoms of MDD is an abnormal sleep pattern, which may 

present as oversleeping or a to struggle fall and/or stay asleep. This has to led sleep architecture 

being an integral part of past and current psychiatric studies. The most prominent differences 

between MDD patients and healthy populations are found when looking at length of rapid-eye 

movement (REM) sleep, sleep perceived restfulness, and slow wave sleep (SWS) (Tsuno et al., 

2005). Sleep is believed to be a restorative process as it is imperative for basic functioning; sleep 

deprivation causes health issues and cognitive impairments (Born & Wilhelm, 2012). Sleep 

disturbances not only create psychiatric issues but also impair cognitive functioning. Decline 

often occurs when an individual has not had the appropriate amount of sleep (Killgore, 2013). 

This innate need for sleep in order to perform basic functions has been widely illustrated in the 

literature. 

An individual’s sleep architecture is captured by a device called a polysomnography (PSG) 

while they sleep. A PSG utilizes different physiological measures to discern the stages of sleep. 

Brain activity is determined through an electroencephalography (EEG), eye movements using an 
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electrooculography, respiration through SpO2 levels, and muscle tone through an 

electromyography (Kundel & Shah, 2017). 

2.3.1 The Sleep Cycle 

 Sleep is divided into both non-REM (NREM) and REM sleep, with the first four stages 

occurring in NREM and the last stage during REM. Stage 1 is the beginning of NREM sleep and 

is the point where individuals move from a wakeful state to a sleep state (Markov & Goldman, 

2006). However, after the first cycle of sleep stage 1 acts as a transition from REM sleep back to 

NREM sleep. Stage 1 is characterized by changes in EEG readings, a measurement of brain 

activity, that show a transition from alpha waves (8-13Hz) to theta waves (4-8Hz) (Markov & 

Goldman, 2006). Stage 2 of sleep is distinguished by the continuation of theta waves, the 

appearance of sleep spindles and K complexes, lack of eye movement, and a decline in muscle 

activity (Markov & Goldman, 2006). Sleep spindles are sudden burst of brain activity (12-14Hz) 

and are generated by GABAergic neurons located in the thalamic reticular nucleus (De Gennaro 

& Ferrara, 2003). K complexes are large waves seen on an EEG reading in response to external 

stimuli (Caporro et al, 2012). Although the brain is actively responding to external stimuli as 

stage 2 progresses it becomes harder to wake up. The next two stages, 3 and 4, are often grouped 

together because they are described as slow wave sleep (SWS). The EEG patterns displayed 

during these stages are approximately 20-50% delta waves (2Hz) (Markov & Goldman, 2006). 

As delta waves surpass the 50% mark, the cycle moves from stage 3 to stage 4 (Hirshkowitz, 

2004). Stage 4 is what is known as “deep sleep” for there are no eye movements, it is difficult to 

be woken up and biological processes imperative for proper functioning occur. SWS is followed 

by REM sleep which is identified by the presence of quick and jerky eye movements (Bellesi et 

al., 2014). REM sleep often begins 90 minutes after sleep onset and displays low voltage 
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desynchronized alpha waves (8-13Hz) (Markov & Goldman, 2006). Individuals in this part of 

sleep are unresponsiveness, experience REM atonia (full body paralysis), have an increased heart 

rate, blood pressure and respiration rate (Markov & Goldman, 2006). It is during this stage that 

dreams are experienced (Purves et al., 2001). As REM sleep comes to an end, the transition to 

stage 1 occurs and the cycle starts again. This switch between NREM and REM sleep happens 

more than once during a night of sleep, with an estimation of around 3-7 sleep cycles occurring. 

Each cycle lasts around 90-120 minutes (Markov & Goldman, 2006). NREM accounts for ~80% 

of sleep with REM sleep being brief but increasing with each cycle. This sleep pattern is not 

stagnant and changes with age; as one gets older sleep disturbances, such as sleep fragmentation, 

are more likely (Hirshkowitz, 2004).  

2.3.2 Physiology of Sleep 

 This dependence on cycles is not exclusive to the act of sleeping, as it is readily involved 

in the act of falling asleep. The ability to fall asleep is dictated by sleep-wake cycles which are 

regulated by circadian rhythms. Circadian rhythms are controlled by the suprachiasmatic nucleus 

(SCN), the master circadian pacemaker as it balances the time between both sleep and waking 

states (Moore, 2007). The SCN’s control of sleep-wake cycles is dependent on its relationship 

with light, as the retinal ganglion cells are stimulated in the presence of light (Moore, 2007). This 

stimulation triggers the retinohypothalamic tract to release glutamate and this activates the SCN 

(Reppert & Weaver, 2002). Since glutamate is the primary excitatory neurotransmitter found in 

the brain, it can be suggested that light stimulation acts on the SCN to promote wakefulness 

(Moore, 2007). Wakefulness is characterized as an active brain state that shows high frequency 

and low amplitude EEG activity. It is dependent on the maintenance of the cerebral cortex and its 

projections to the ascending reticular activating system (ARAS), the cortical region responsible 
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for consciousness (Moore, 2007). The ARAS is a network of neurons that connect to the cortex 

and hypothalamus. It is responsible for activating the waking state as well as regulate sleep-wake 

transitions (Moruzzi & Magoun, 1949). Although the ARAS is connected to the hypothalamus 

and this link has an effect on sleep-wake cycles, it is important to note that the hypothalamus is 

simply plays a coordinating role as it synchronizes hormonal and neural processes (Reppert & 

Weaver, 2002). This synchronization is used to modulate homeostasis, the body’s mechanism to 

maintain equilibrium. This mechanism is implicated in sleep regulation and works to create 

balance. If a sleep pattern is normal, then the feeling of needing to sleep is peaked at nighttime 

when sleep is expected. However, if an individual is sleep deprived there is a homeostatic drive 

to sleep that increases during the day at a rate must faster than usual. This rate increase is due to 

sleep-promoting cytokines called somnogens (España & Scammell, 2011). In response to sleep 

deprivation, somnogens are released throughout the body and begin to accumulate in the brain. 

The high concentration of somnogens increases the drive to sleep even further, and it continues 

to at an accelerated rate. The feeling of sleepiness intensifies until neurochemical systems 

specific to the sleep cycle take over.  

NREM – REM Sleep 

NREM sleep-promoting systems are sequestered to the preoptic area. These sleep-

inducing neurons are found within the ventrolateral preoptic area (VLPO) and the median 

preoptic area (MNPO) (Moore, 2017). Both of these areas are active during NREM and to some 

degree REM but are completely inactive during wakefulness. MNPO neurons fire right before 

NREM sleep while VLPO neurons are active during NREM sleep, which has allowed 

researchers to infer these two preoptic areas are required for sleep onset and maintenance, 

respectively (Espãna & Scammell, 2011). The anatomical position of the VLPO and MNPO also 
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solidify this conclusion. Not only to do the neurons of these two areas store GABA, an inhibitory 

neurotransmitter, they also project to arousal-promoting areas (Saper, 2013). The VLPO and 

MNPO initiate arousal inhibition prior to NREM sleep and during NREM and REM sleep 

(Saper, 2013). This connection is not one-sided as the arousal regions can influence sleep 

promotion regions. Monoaminergic and cholinergic signalling from arousal-promoting regions 

inhibit the VLPO, preventing its own disinhibition. Wakefulness and sleep rely on the delicate 

balance between these opposing systems; sleep-inducing preoptic neurons inhibit the activity of 

monoaminergic and cholinergic wake-promoting neurons while the wake-promoting neurons 

inhibit the preoptic areas (Lu & Zee, 2010).  

This balancing act between systems is also displayed within the sleep cycle itself, with 

NREM and REM sleep. It was believed that REM sleep was initiated and maintained by the 

laterodorsal and pedunclopontine tegmental nuclei’s (LDT/PPT) release of acetylcholine (Lu & 

Zee, 2010). In contrast, during NREM sleep cholinergic neurons are inhibited by noradrenergic 

and serotonergic neurons found in the locus ceruleus and dorsal raphe nucleus, respectively. 

However, the interplay between these neurotransmitters is not enough to fully explain the 

mechanics behind the NREM/REM cycle. The regulation of NREM and REM transitions has 

been extended to also include the sublaterodorsal nucleus (SLD) and the ventrolateral 

periaqueductal grey matter and lateral pontine tegmentum (vlPAG-LPT) (Lu & Zee, 2010). The 

neurons in the SLD are active during REM and the stimulation of this regions elicits REM-like 

behaviour (Lu & Zee, 2010). The vlPAG-LPT has been documented to have the opposite 

reaction; the vlPAG-LPT inhibits REM sleep. The SLD and vlPAG-LPT mutually send 

GABAergic inhibitory neurons. However, if both are sending inhibitory signals, how does one 

overpower the other? This is where the LDT/PPT comes back into play. The cholinergic neurons 
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in the LDT/PPT may inhibit the vlPAG-LPT while also stimulating the SLD (initiate REM 

sleep), while noradrenergic and serotonergic neurons excite the vlPAG-LPT and inhibit the SLD 

(halt REM sleep) (Lu & Zee, 2010). 

2.3.3 Major Depressive Disorder Specific Sleep Disturbances 

 Sleep disturbances in patients with MDD often occur in groupings, with one or more 

disturbances being present. The incidence of sleep disturbances is quite high with 90% of MDD 

patients experiencing them (Tsuno et al., 2005). When looking at symptom severity, 45% of 

depressed outpatients and 80% of more severely depressed inpatients experience sleep issues 

(Tsuno et al., 2005). There are false positives that occur in 10% of never-depressed populations; 

there are incidences were sleep disorders are devoid of psychiatric illness.  

Studies analyzing PSG readings of individuals with MDD have found that the most 

common disturbances are a decrease in SWS, reduced REM latency, decreased sleep efficiency 

and increased REM intensity (Baglioni et al., 2011).  SWS is an important part of the sleep cycle 

as it is when restorative processes like memory consolidation occur (Holl et al., 1991; Born & 

Wilhelm, 2012). This decrease is thought to be the reason why cognitive impairments are seen in 

MDD patients. Decrease in sleep efficiency takes into account that there is a difficult falling 

asleep, nocturnal awakenings and early-morning awakenings. These issues are often exemplified 

when looking at perceived sleep restfulness. This lack of continuous sleep is termed sleep 

fragmentation (Thase, 2006). REM intensity is equated to REM density which is the 

measurement of the ratio of REM intensity divided by the time spent in REM sleep. REM 

density expresses the frequency of eye movements during REM sleep (Thase, 2006). There is a 

chance for normalization of an individual’s sleep architecture following decrease in MDD 

severity, especially increased REM density and decreases sleep efficiency. These two sleep 
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disturbances are seen to be state-dependent, unlike the decrease in SWS and reduced REM 

latency (Thase, 2006). SWS and REM latency show some degree of heritability and may be traits 

indicative of vulnerability (Thase, 2006). 

Sleep disturbances displayed in MDD patients have been attributed to the change in 

neurotransmitters in MDD.  Monoamine deficiency (e.g serotonin and norardrenogens) and an 

increase in cholinergic neurotransmitter has been implicated in MDD (Thase, 2006). The 

elevated levels of acetylcholine and reduced levels of monoamines may contribute to the 

disinhibition of REM sleep (Thase, 2006). Cholinergic neurons associated with the LDT/PPT 

excite the SLD, the brain region responsible for REM initiation. Monoamines inhibit this 

excitation, however if levels are decreased there will not be as robust as an effect (Thase, 2006). 

This disinhibition allows for a prolonged amount of time spend in REM and a shortened onset 

latency. The over activation of cholinergic neurons may also explain the nocturnal and early-

morning awakenings displayed in sleep fragmentation, as they promote wakefulness (Thase et 

al., 1997; Benca et al., 1997). 

2.4 The Gut-Brain Axis 

 The human body works as a sum of multiple interacting systems. While this holistic view 

of the body has been a point of discussion for a long time, it has gained popularity in recent 

years. Lifestyle factors such as nutrition have been gaining traction as influencing widens. 

Within the field of neuroscience, an emerging phenomenon has demonstrated that in fact, the 

contents of our food influence the way the brain functions. The concept of the gut-brain axis 

(GBA), as it has been formally titled, posits that the gut microbiome modulates certain 

neurological functioning (Forsythe & Kunze, 2012). The connection between one’s gut and the 

brain is not a novel topic, studies have shown that these two organs are in constant 
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communication (Forsythe & Kunze, 2012). This chatter allows one to feel satiated, hungry, or to 

experience the warning signs of an upset stomach. The effects of this bidirectional relationship 

have yet to be fully understood, sparking a surge of research on the topic. It has recently been 

discovered that the gut microbiota plays a pivotal role in the regulation of gut-brain 

communication (Martin et al., 2018), and that this regulation may be influence by its microbial 

composition.  

The gut microbiome is a network of microbial cells that are capable of signalling from 

the gut to other target structures around the body. Different species of microbes have different 

functions, making it important to know the relative composition when investigating the gut 

microbiome. Individualization of the gut microbiome starts at birth, with the type of delivery 

dictating which microbes a baby comes into contact with (e.g vaginal delivery versus Caesarean 

section) and the composition of the gut microbiome continues to change over an individual’s 

lifespan, with the most variability occurring from childhood to adolescence. (Aagaard et al., 

2016). Other environmental changes dictate the development and composition of the gut 

microbiome by adulthood, when the composition of microbial cells is highly individualized. This 

specification is due to life factors that extend to age, genetics, diet, exercise, geography, stress, 

and pharmacological intervention (Nagpal et al., 2018; O’Sullivan et al., 2015; Gupta et al., 

2017; Modi et al., 2014). 

2.4.1 Communication Within the Gut-Brain Axis 

 The bidirectional communication between the gut and the brain is better understood as 

the interplay between two nervous systems, the central and enteric (Carabotti, et al. 2016), but 

utilizes many different bodily systems to communicate. The central nervous system (CNS) 

influences the enteric nervous system (ENS) (top-down), while the ENS simultaneously affects 
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the CNS (bottom-up). This is achieved through utilizing neural, endocrine, immune, and humoral 

connections. The top-down pathways of the GBA starts with cortisol secretion regulated by the 

HPA axis. Changes in cortisol levels can alters the permeability of the gut epithelium and may 

allow the passage of larger molecules, such as bacteria and toxins, into the bloodstream. This 

widening of epithelial tight junctions is known as leaky gut (Obrenovich, 2018). The 

introduction of bacteria and toxins initiates an increased immune activation, an important aspect 

of MDD etiology (Kelly et al., 2015). The bottom-up pathway of the GBA involves the gut 

microbiota directly affecting immune cell signalling, and the metabolism of tryptophan, GABA, 

and other metabolites. This change in neurotransmitters then influences the brain via the vagus 

nerve (cranial nerve X), a direct connection between the gut and the brain (Breit et al., 2018). 

Communication between the gut and the brain is also modulated by microbially derived 

molecules that include short-chain fatty acids (SCFAs) and bacterial lipopolysaccharides (LPS). 

SCFAs, non-digested carbohydrates that are fermented by the gut microbiota, have the ability to 

cross the gut-blood and blood-brain barriers (Morrison & Preston, 2016). Although each SCFA 

has different functions, they all elicit some effect on the GI system. LPS are endotoxins found on 

the membrane of cells that activate the innate immune system, such as microbe-associated 

molecular patterns (MAMPs; Alexander & Rietschel, 2001). SCFAs and MAMPs work together 

to initiate an immune response. Both activate macrophages, neutrophils and dendritic cells. 

These immune cells produce pro-inflammatory cytokines such as, IL-1a, IL-1B, TNFa, and IL-6; 

some of which able to cross the blood-brain barrier and trigger neuroinflammation, a pathology 

hypothesized to be associated with the etiology of MDD. 
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2.4.2 Consequences of a Faulty Gut-Brain Axis 

The GBA is an important network that, when working properly, allows for normal 

behaviour, cognition, emotion, healthy levels of immune activation and sufficient gut microbiota. 

However, a dysregulation of this system can cause a multitude of unwanted consequences, such 

as altered behaviour, cognition and emotion (Liang et al., 2018). A common cause of this 

imbalance of the GBA is chronic stress (Dinan & Cryan, 2012). Chronic stress has been linked to 

many illnesses, such as MDD (Dinan & Cryan, 2012) and is known to exacerbate the already 

active disorder or quickens the onset. When a stressor is experienced, the HPA axis prompts the 

adrenal glands to secrete cortisol, which then inhibits immune cells that regulate inflammation 

(Vashist & Schneider, 2014). This stress can be in the form of physical, mental, or oxidative 

(associated with nutrition) stress. If this occurs over a prolonged period, several changes can 

occur. First, the amount of cortisol that is released by the adrenal gland can increase, allowing 

immune cells to come into contact with cortisol more often and robustly. This then leads to 

cortisol resistance in the immune cells, rendering the cells unable to inhibit inflammation. The 

rise in inflammation creates a new stressor, and the cycle continues. At extreme levels of chronic 

stress, the adrenal glands are not as sensitive to the signalling from the HPA axis and release low 

levels of cortisol (Stephen & Wand, 2012). These changes in cortisol release and inflammation 

directly affect the integrity of the GI tract. This incidence of inflammation is a very important 

part of a faulty GBA connection, due to inflammations role in depression. Neurotransmitter 

availability is negatively affected by pro-inflammatory cytokines present in the brain’s 

bloodstream. These cytokines reduce the synthesis of neurotransmitters of monoamines, 

specifically 5-HT and glutamate (Miller & Raison, 2016). Both 5-HT and glutamate are key 

contributors to emotional regulation and are implicated in MDD. The reuptake of these 
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neurotransmitters is elevated due to an increase in transporters, which decreases the amount of 

time the neurotransmitters are able to interact with neurons. The precursors that lead to their 

synthesis are also decreased because of the activation of enzymes that break them down.  The 

changes in neurotransmitter availability results in alterations in reward circuitry in the brain, 

which is regulated by the prefrontal cortex and the anterior cingulate cortex. Fear and arousal 

circuitry are also compromised behaviours, regulated by the amygdala and insula (Miller & 

Raison, 2016). The culmination of these alterations ultimately presents as symptoms of MDD 

such as anhedonia, anxiety, and low mood. 

2.4.3 Nutrition and Depression 

Evidence suggests that a faulty GBA affects brain functioning. This has triggered an 

investigation into the efficacy of various treatment options that target the GBA which are 

encompassed by a novel field bridging psychiatry and microbiology, often referred to as 

nutritional psychiatry.  

Nutritional psychiatry involves the manipulation of a patient’s diet as a treatment and 

prevention method for mental illness. This often requires the prescription of nutritional 

supplements, functional foods, and complete diet changes. Polyunsaturated fatty acids, vitamin 

D, vitamin B, and probiotics are among the common nutrients found in nutritional supplements 

and functional foods (Hasler, 2002). Complete diet changes, often us a version of the 

Mediterranean diet due to its high unsaturated fat content and emphasis on plant-based foods. 

The Mediterranean Diet has been shown to better alleviate MDD symptoms compared to a social 

support group (Jacka et al., 2017 & Parletta et al., 2017).  
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2.4.4 Probiotics 

Probiotics, bacteria that colonize the gastrointestinal tract and confer a health benefit to 

the host, are being heavily research in the nutritional psychiatry sphere. Studies utilizing 

probiotic supplementation to modulate neurological functioning have shown that improvements 

in mood (Messaoudi et al., 2011) and anxiety (Hilimire et al., 2015) can be made in healthy 

humans. Specifically, a study investigating the effects of probiotics (Lactobacillus helveticus 

R0052 and Bifidobacterium longum R0175) on a healthy population, found that after only 30 

days the participants had decreased levels of psychological stress (Messaoudi et al. 2011). This 

change in emotionality has also been seen in individuals with a psychiatric illness, and has been 

linked to biochemical signaling that affects the manifestation of thought processes (e.g. 

aggressive and ruminative thoughts) (Steenbergen et al., 2015), reduces brain activity (Tillisch et 

al., 2013), and may improve the lining of the gastrointestinal tract (Benton et al., 2007). A study 

conducted by Akkasheh et al. (2016) found that patients with MDD significantly improved their 

Beck Depression Inventory (BDI) after 8 weeks of probiotic supplementation (Lactobacillus 

acidophilus, Lactobacillus casei, and Bifidobacterium bifidum). A probiotic product called 

Probio’StickÒ (Lallemand Health Solutions, Montreal, Canada), which contains a combination 

of L. helveticus R0052 and B. longum R0175 (90% and 10%, respectively), has been used in 

several clinical studies. Kazemi et al. (2018), showed that participants had an increased BDI after 

8 weeks of supplementation with Probio’StickÒ. However, a study by Romijn and colleagues in 

2017 (Romijn et al., 2017), who examined the same probiotic product, did not find any 

significant improvements in mental health outcomes. Together, these findings demonstrate that 

further research using Probio’StickÒ in clinical samples is warranted. CAN-BIND12 continues 
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this search for a better understanding of the effect of Probio’StickÒ on MDD by analyzing 

clinically diagnosed participants over the course of 16 weeks. 
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Chapter 3: Methodology 
 

3.1 Participant Selection 
 

The study population (n= 7) was sourced through multiple outlets in Kingston, Ontario 

which include recruitment by Psychiatrists at Providence Care Hospital, advertisements placed 

on the campus of Queen’s University and around the community, and electronic campaigns on 

Facebook. Participants compromised of men and women from the ages of 18 to 65 who had a 

diagnosis of MDD according to the DSM-5 as determined by the Mini International 

Neuropsychiatric Interview (MINI). These individuals also had to be currently experiencing a 

depressive episode, signified by a Montgomery-Åsberg Depression Rating Scale (MADRS) 

score of ³ 20 and not be taking any antidepressants. Participants were excluded if they have had 

three or more previous episodes of depression, psychotic symptoms (as determined by the 

MINI), Bipolar I or II Disorder (as determined by the MINI), history of alcohol or substance 

dependence in the past 6 months, and the use of electroconvulsive therapy (ECT) in the prior 

year. Due to the investigational product being a probiotic, participants could not have consumed 

products fortified in probiotics 2 weeks before and during the study, have a milk, yeast or soy 

allergy and have used any antibiotic drug 4 weeks before the start of the study. Informed consent 

was required to ensure the participants had the capability to understand and comply with the 

requirements of the study. 

3.1.1 Group Separation 
  
 Participants were separated based on their baseline MADRS scores. Mean scores for each 

two groups were calculated to determine whether or not there was a large discrepancy between 

the two. Multiple groupings were formulated and the pairing that displayed the lowest degree of 

differences was used for this study.  
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3.2 Procedure 
 
 Once accepted into the study, participants were randomly and blindly placed into two 

groups: 8 weeks of consuming the Investigation Product, Probio’StickÒ, and 8 weeks of 

consuming the placebo. The randomization was done through the use of a computer program-

generated randomization table under the supervision of a research assistant not directly involved 

in the study. These treatment groups were not revealed for this study. Therefore, the participants 

were stratified into two groups, such that baseline MADRS scores would not be statistically 

different. 

At the baseline appointment, conducted during Week 0, participants were put through a 

series of clinical batteries in order to assess their mood, anxiety, sleep, and neurocognition. This 

testing was conducted again during Week 4 (+/- 3 days) and Week 8 (+/- 3 days), while MADRS 

was done every week in order to determine a current depressive episode. Biological samples (e.g 

blood, feces, urine) were collected during the baseline appointment, Week 2 (+/- 3 days), and 

Week 8 (+/- 3 days). PSG data was collected Week 0, Week 4 (+/- 3 days), and Week 8 (+/- 3 

days) of the study and neuroimaging Week 0 and Week 8 (+/- 3 days).  

3.3 Investigational Product & Placebo 

3.3.1 Probio’StickÒ 

The Probio’StickÒ is a probiotic supplement manufactured by Lallemand Health 

Solutions, that is comprised of two active ingredients: Lactobacillus helveticus R0052 (90%) and 

Bifidobacterium longum R0175 (10%). It also contains xylitol (sweetener), maltodextrin (coating 

agent), fruit flavour and malic acid (acidity regulator), yeast extract, sucrose and ascorbic acid 

(cryopotectants). 
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Participants were instructed to consume one sachet of Probio’StickÒ, with the same meal 

for 8 weeks, following the completion of Week 0.  

3.3.2 Placebo 

 The placebo is packaged so that it is identical to the IP and contains maltodextrin, malic 

acid, xylitol, and fruit flavour. Consumption instructions are the same as the IP such that it is to 

be taken daily with the same meal. 

3.3.3 Dosing 

Participants in the Probio’StickÒ group were consuming a dosage of 6 x 109CFU for 8 

weeks. Both groups of participants were instructed to consume half of the powder in the sachet, 

swallow, and then consume what remained. If a participant happened to miss a dose (e.g forget 

to consume the sachet with a specific meal) they were told to simple skip the missed dose. 

3.3.4 Compliance  

Compliance was determined via a questionnaire at each visit and if there was any leftover 

IP, it was returned to the pharmacy at Providence Care Hospital. The participants were given 

enough of the IP to last until their next visit, with some overlap in case an appointment is closer 

to the (+3) cut-off. To illustrate compliance quantitatively the following calculation was used: 

the number of actual sachets consumed divided by the number of sachets expected to be 

consumed multiplied by 100. If a participant was found to have a compliance of <80% they were 

approached at their next visit. 

3.3.5 Labelling and Blinding 

The IP and placebo will be labelled by unblinded individuals who have no other 

involvement with the study besides this one task. All individuals involved in conducting clinical 
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assessments, study logistics, data collection, monitoring, and analysis will remain blinded for the 

entirety of the study. 

3.4 Clinical Assessments 

A wide variety of clinical assessments were employed in order to create a precise 

participant profile outlining mood, behaviour, and sleep. 

3.4.1 Mood and Anxiety Assessments 

To outline depressive symptom severity the following scales were used: the 

Montgomery- Åsberg Depression Rating Scale (MADRS), the Clinical Global Impressions Scale 

(CGI) and Quick Inventory of Depressive Symptomatology (QIDS-SR16). Symptoms of general 

anxiety was assessed by Generalized Anxiety Disorder Scale (GAD-7). 

3.4.2 Sleep Assessment 

Although the PSG is employed to track the participants sleep architecture, they must also 

complete the Pittsburgh Sleep Quality Index (PSQI) so that subjective sleep quality can be 

assessed. 

3.5 MRI Scans 

 All neuroimaging appointments were performed at the MRI facility located at Queen’s 

University with a 3T (TrioTrim, Siemens) scanner with a 12-channel coil. A whole-brain T1-

weighted anatomical scan was the first to be performed and lasted a total of 7 minutes. Next the 

functional scans of interest, resting-state, was performed - lasting 10 minutes. These functional 

scans consisted of 46 slices (thickness, 4.0mm). Resting scans consisted of 36 slices (thickness, 

4.0mm), with a transversal orientation and were collected in an interleaved order using a T2-

weight echoplanar imaging (EPI) sequence (TR, 2000ms; TE, 30ms; flip angle, 75°), with a final  

3.125 x 3.125 x 3 mm voxel resolution. After this, BOLD EPI series (TR, 2000ms; TE, 30ms; 



 37 

flip angle; 75°) were completed while the participant performed two functional tasks, “Catch the 

Square” and “Go/no-go”.  To complete the tasks participants utilized a four-button response pad 

(HHSC-1X4-L; Current Designs Inc., Pittsburgh, PA, USA) – each task required the use of the 

same button. This was followed by a 9-minute whole-brain diffusion-tensor imaging series (b-

values, 500 and 1000s/ mm2) using 30 gradient directions, and an additional three images at a 

single b-value (0s/mm2) for tensor construction at a final voxel resolution of 2.3 x 2.3 x 5mm. 

3.5.1 Catch the Square 

  The ‘catch-the-square’ task was implemented to assess anhedonia in participants. They 

were provided a four-button response pad where their index finger was placed on the first button. 

In this task, participants had the opportunity to win money during trials and were told at the 

beginning of each trial if this was possible. At the beginning of each trial, the screen displayed 

either ‘+$’ or ‘0$’, denoting whether or not money could be won. Following this, at a random 

interval, a red square appeared on the screen. The participant was instructed to press the button 

aligned with their index finger when the square appeared. They were then told whether they ‘hit’ 

or ‘missed’ the square, if they earned $1.00, and if they missed the square, if they were too fast 

or too slow. Participants received the money earned during the task at their next study 

appointment. 

3.5.2 Go/no-go 

This task consisted of multiple blocks either labelled as “Go” or “No-go”. During the go 

blocks participants are required to press down on a button with their index finger when a circle 

appears on the screen. This was contrasted by the no-go block where either a circle or square 

appeared on the screen. In this block participants were still required to only press the button 

when the circle appears and refrain from pressing the button when the square appeared. Both 
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stimuli were presented over emotionally valanced faces (eg. ‘angry’, ‘happy’, ‘surprised’, or 

‘sad’), in order to assess affective behavioural inhibition. 

3.5.3 Functional Images  

 Baseline functional images were pre-processed by first being motion corrected, to remove 

involuntary movement. fMRI scans were then slice-time corrected and smoothed with a 5mm 

Gaussian kernel. Scans were then co-registered and normalized to MNI templates using FSL 

(FMRIB Software Library; Analysis Group, Oxford, UK) and AFNI (AFNI; NIMH Scientific 

and Statistical Computing Core, Bethesda, MD, USA). The time courses of the regions that 

showed changes were extracted by using the Harvard-Oxford subcortical atlas and Glasser 

cortical atlas. Mean functional connectivity was estimated by cross-correlating the time courses 

of the brain (Pearson’s r correlation). The brain regions determined to experience functional 

connectivity changes were labelled as regions of interest (ROIs) although direct seed regions 

were not determined pre-analysis. 

 The difference in functional connectivity between baseline and week 8 was calculated 

through using paired sample T-tests across all region pairings (eg. Baseline RoiX/RoiY versus 

week 8 RoiX/RoiY). 

3.6 Polysomnography 

 Polysomnography data collection was performed with a portable Pursuit Sleep System 

and MediPalm from Breabon Corporation PSG machine. On Week 0, 4, and 8 a research 

assistant would travel to the participant’s house about an hour before the participant’s normal 

bedtime. Electrodes were placed in these following places: 4 on the scalp, 1 behind each ear, 1 

next to each eye, 2 on the one side of the jaw, 1 in the middle of the forehead, 1 on each 

trapezius muscle, and 2 on the shin muscle of each leg. A snore sensor was placed over the 
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participant’s voice box, located by asking them to hum or mimic a snoring sound. Two velcro 

belts (one for the chest and the other for the abdomen) were placed so that stomach movement 

associated with breathing could be detected and other equipment could be attached to the belts. 

This additional equipment was used to track body position, SpO2 levels, and breathing pattern as 

detected by a nasal cannula. Throughout the set-up of the PSG multiple tests are run to ensure 

that the equipment is working properly and obtaining sufficient readings. After all tests are run, 

the participant is left with the portable PSG to sleep with. They are asked to place the recorder 

next to them in the bed and try to sleep as normally as possible. Upon waking the participant 

removes all electrodes, belts from their person and the batteries from the recorder so that 

readings captured would only pertain to when the participant was asleep. The PSG was either 

dropped off by the participant at their next appointment or a research assistant would return in 

the morning to retrieve the equipment. The reading was then downloaded onto the confidential 

lab laptop and all equipment sterilized for the next participant. Every 3-4 weeks the laptop was 

given to a Sleep Clinic Technician from the Sleep Clinic at Kingston General Hospital and the 

raw data was scored and inputted into a Word document outlining all sleep parameters (eg. Total 

sleep time, REM sleep time, and non-REM sleep time). 

3.7 Statistical Analyses 

 Parametric testing was used as the dependent measures of the study were normally 

distributed, as determined by the Shapiro-Wilk’s test (p > 0.05). However, non-parametric 

testing was employed to ensure that the small population size did not skew the results. Presence 

of significance was mirrored in all non-parametric tests. 

 Independent t-tests were employed to assess the statistical significance of the clinical 

scales and PSG measures between-groups. Within-group differences were determined by using 
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paired sample t-tests and population demographic was analyzed through using the Chi-square 

test. All statistical tests were performed in IBM SPSS Statistics version 25.0. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 41 

Chapter 4: Results  

4.1 Population Demographics 

The study population consisted of 7 men (n=3) and women (n=4) from the Kingston area 

with a diagnosis of MDD. The mean age of the study population was 22.4 ± 6.6 years, with a 

range from 18 to 36 years old. This population was further separated into two stratified groups 

based on baseline MADRS scores. GROUP A had mean age of 25.3±7.8 years, while GROUP B 

was 18.7±1.2 years. These two groups did not significantly differ in terms of gender, age, 

ethnicity, education level, employment status, marital status, and household income (p=1.000; 

p=0.657; p=1.000; p=0.429; p=1.000; p=1.000; p=0.657, respectively) (Table 1). 

4.2 Functional Connectivity 

 GROUP A and GROUP B were analyzed for functional connectivity changes between 

baseline and week 8. GROUP B displayed several regions of interest (ROIs) that changed 

significantly from baseline to week 8 (p < 0.05), while GROUP A did not. Functional 

connectivity changes were seen between the left superior temporal gyrus (area TA2) and the 

right superior temporal visual cortex, the left inferior frontal gyrus and the left parainsular area 

(Brodmann’s area 52), the right anterior ventral insula and the subgenual cingulate cortex 

(Brodmann’s area 24), the left inferior parietal lobule (area PFcm) and the right lateral occipital 

cortex, and the left frontal operculum and left lateral occipital cortex(Figure 1).  The Harvard-

Oxford subcortical atlas yielded Brodmann’s area 52 and Glasser cortical atlas yielded the 

remaining brain regions. All functional connectivity decreased from baseline to week 8, except 

for the left frontal operculum and left lateral occipital cortex which increased.  
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Table 1. Population Demographics 
Between groups p-value determined by Pearson’s Chi-Square test. 

 
Characteristic 

Group A 
(n=4) 

N            % 

Group B 
(n=3) 

N               % 

Between 
Groups 
p-value 

Gender Male 
Female 

2 
2 

50 
50 

1 
2 

33.33 
66.67 

1.000 

 Ethnicity Arab 
Caucasian 
Chinese 

1 
2 
1 

25 
50 
25 

0 
3 
0 

0 
100 
0 

1.000 

Education 
Level 

High School Graduate 
Bachelor’s Degree 

2 
2 

50 
50 

3 
0 

100 
0 

0.429 

Employment 
Status 

Employed 
Student 
Unemployed 

1 
2 
1 

25 
50 
25 

0 
3 
0 

0 
100 
0 

1.000 

Marital 
Status 

Married 
Never Married 

1 
3 

25 
75 

0 
3 

0 
100 

1.000 

Household 
Income 

$10,00 - $24,999 
$100,000 - $149,000 
$200,000 + 
Prefer Not to Answer 
Unknown 

1 
1 
0 
2 
0 

25 
25 
0 
50 
0 

0 
1 
1 
0 
1 

0 
33.33 
33.33 
0 
33.33 

0.657 

 

              

Figure 1. Visual representation of resting-state functional connectivity. A) Left superior temporal gyrus 
and right superior temporal visual cortex, B) Left inferior frontal gyrus and Brodmann’s area 52, C) Right 
anterior ventral insula and Brodmann’s area 24, D) Left inferior parietal lobule and right lateral occipital 
cortex, E) Left frontal operculum and left lateral occipital cortex 
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4.3 Clinical Assessment Scores 

 At baseline GROUP A and GROUP B did not have statistically different MADRS; t(5)= 

-0.269, p=0.799, GAD-7; t(5)= 0.141, p=0.894, and QIDS-SR16; t(5)= -0.536, p=0.185, scores. 

The one clinical scale to display significance was the PSQI scores; t(5)= -2.900, p= 0.034. 

However, at week 8 MADRS; t(5)= -3.018, p= 0.029 (Figure 2) and PSQI; t(5)= -3.300, p= 

0.021 (Figure 3), displayed significance differences, while QIDS-SR16; t(5)= -2.562, p= 0.051, 

was right on the cusp and GAD-7; t(5)= -0.287, p=0.786, was not significant. The outputs of the 

independent t-tests for baseline and week 8 are displayed in Table 2 and Table 3, respectively. 

 A paired sample t-test (Appendix A) found that there was a significant change in MADRS 

(M=13.000, SD=6.325); t(3)=4.11, p=0.026, and GAD-7 score  (M=8.500, SD=3.415); 

t(3)=4.977, p=0.016, in GROUP A (Appendix A), but not in QIDS-SR16 (M=2.250, SD=2.217); 

t(3)=2.029, p=0.135,, and PSQI scores (M=0.250, SD=3.096); t(3)=0.162, p=0.082, from 

baseline to week 8. GROUP B (Appendix B) did not display any within-group differences from 

baseline to week 8 for MADRS (M=5.667, SD=7.638); t(2)=1.215, p=0.327, GAD-7 (M=3.333, 

SD= 3.512); t(2)= 1.644, p=0.242, QIDS-SR16 (M=0.333, SD= 2.517); t(2)=0.229, p=0.840, and 

PSQI (M=0.667, SD=1.528); t(2)=0.756, p=0.529). 

4.4 Polysomnography Measures  

At baseline total sleep time; t(5)= 1.364, p=0.231, sleep efficiency; t(5)= 0.822, p=0.449, 

percentage of time in SWS; t(5)=-1.117, p= 0.315, percentage of time in REM sleep; t(5)=-

0.474, p=0.656, latency to REM sleep; t(5)= -0.474, p=0.656, and number of awakenings; 

t(5)=1.723, p=0.146, were not statistically different between GROUP A and GROUP B. This 

lack of significance was extended to the group differences at week 8 for total sleep time; 

t(2.82)=1.897, p=0.160, sleep efficiency; t(5)=2.419, p=0.060, percentage of time in SWS; t(5)=-
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0.365, p=0.730, percentage of time in REM sleep; t(5)=0.100, p=0.924, and latency to REM 

sleep; t(5)=0.960, p=0.381. However there was a significant difference between GROUP A 

(M=26.26, SD=4.082) and GROUP B (M=12.33, SD= 2.802) for number of awakenings; t(5)= 

3.187, p= 0.024. Table 4 and Table 5 display the outputs of the independent t-tests. 

 Within-group differences from baseline to week 8 for both GROUP A and GROUP B 

was determined through a paired sample t-test. GROUP A (Appendix C) had a significant change 

in the percentage of time spent in REM sleep (M=-24.750, SD=2.754); t(3)=-3.450, 

p=0.041.GROUP B did not display a significant change for any of the PSG measures (Appendix 

D). 
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Table 2. Clinical Scales at Baseline 
Independent sample t-test results for between-group differences, means, and standard deviation 
of each clinical scale. MADRS= Montgomery-Åsberg Depression Rating Scale, GAD-7 = 
Generalized Anxiety Disorder Scale, QIDS-SR16= Quick Inventory of Depressive 
Symptomatology, and PSQI= Pittsburgh Sleep Quality Index. 
 Group A 

(n=4) 
Group B 

(n=3) 
   

Scales Mean Std. 
Deviation 

Mean Std. 
Deviation 

t-value df p-value 

MADRS 30.00 5.477 31.33 7.767 -0.269 5 0.799 
GAD-7 11.00 6.055 10.33 6.429 0.141 5 0.894 
QIDS-
SR16 

19.50 5.745 25.33 3.512 -1.536 5 0.185 

PSQI 7.75 2.500 12.33 1.155 -2.900 5 0.034 
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Table 3. Clinical Scales at Week 8 
Independent sample t-test results for between-group differences, means, and standard deviation 
of each clinical scale. MADRS= Montgomery-Åsberg Depression Rating Scale, GAD-7 = 
Generalized Anxiety Disorder Scale, QIDS-SR16= Quick Inventory of Depressive 
Symptomatology, and PSQI= Pittsburgh Sleep Quality Index. 

 Group A 
(n=4) 

   Group B 
  (n=3) 

   

Scales Mean Std. 
Deviation 

Mean Std. 
Deviation 

t-value df p-
value 

MADRS 17.00 4.830 25.67 0.577 -3.018 5 0.029 
GAD-7 8.75 4.646 10.00 7.00 -0.287 5 0.786 
QIDS-
SR16 

11.00 5.292 22.00 6.083 -2.562 5 0.051 

PSQI 7.50 1.291 11.67 2.082 -3.300 5 0.021 
 
 
 
Table 4. Polysomnography Measures at Baseline 
Independent sample t-test results for between-group differences, means, and standard deviation 
of each polysomnography measure. REM= Rapid Eye Movement, NREM= Non-Rapid Eye 
Movement, and SWS = Slow Wave Sleep. 
 Group A 

(n=4) 
Group B 

(n=3) 
   

PSG Measure Mean  Std. 
Deviation 

Mean 
 

Std. 
Deviation 

t-value df p-
value 

Total Sleep Time 
(min) 

470.750 56.288 396.667 88.8430 1.364 5 0.231 

NREM Sleep 
Time 
(min) 

369.250 33.337 295.000 19.112 3.410 5 0.019 

REM Sleep Time 
(min) 

101.500 30.086 101.667 69.7537 -0.004 2.6 0.997 

Sleep Efficiency 
(%) 

88.00 5.715 84.33 6.028 0.822 5 0.449 

Stage 1 (min) 28.250 10.728 18.833 4.253 1.412 5 0.217 
% Spent in Stage 
1 

6.00 2.160 4.67 1.155 0.956 5 0.383 

Stage 2 (min) 266.250 19.186 201.000 30.154 3.534 5 0.017 
% Spent in Stage 
2 

57.00 8.485 51.33 5.132 1.012 5 0.358 

SWS (min) 74.750 25.405 75.167 13.967 -0.025 5 0.981 
% Spent in SWS 15.50 3.967 20.00 7.000 -1.117 5 0.315 
REM Latency 
(min) 

107.375 79.884 93.833 25.293 0.270 5 0.798 

% Spent in REM 21.25 4.646 24.000 10.583 -0.474 5 0.656 
Awakenings 31.00 10.132 20.33 3.215 1.723 5 0.146 
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Table 5. Polysomnography Measures at Week 8 
Independent sample t-test results for between-group differences means, and standard deviation of 
each polysomnography measure. REM= Rapid Eye Movement, NREM= Non-Rapid Eye 
Movement, and SWS = Slow Wave Sleep. 
 Group A 

(n=4) 
Group B 

(n=3) 
   

PSG Measure Mean Std. 
Deviation 

Mean Std. 
Deviation 

t-value df p-
value 

Total Sleep Time 
(min) 

430.125 84.233 235.833 161.742 1.897 2.82 0.160 

NREM Sleep 
Time (min) 

318.750 66.092 170.167 105.286 2.148 3.17 0.116 

REM Sleep Time 
(min) 

11.375 25.788 65.667 56.636 1.300 2.63 0.296 

Sleep Efficiency 
(%) 

88.00 9.092 68.00 13.00 2.419 5 0.060 

Stage 1 (min) 21.375 11.1458 18.500 9.0416 0.364 5 0.731 
% Spent in Stage 
1 

5.25 2.500 8.33 3.215 -1.438 5 0.210 

Stage 2 (min) 219.750 45.529 105.333 81.750 2.183 2.933 0.119 
% Spent in Stage 
2 

51.00 3.559 43.00 23.516 0.692 5 0.519 

SWS (min) 77.625 34.623 46.33 40.732 1.102 5 0.321 
% Spent in SWS 18.00 6.272 22.67 25.325 -0.365 5 0.730 
REM Latency 
(min) 

79.875 26.497 54.000 45.357 0.960 5 0.381 

% Spent in REM 26.00 4.082 25.67 4.726 0.100 5 0.924 
Awakenings 26.26 3.202 12.33 2.802 3.187 5 0.024 
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Chapter 5: Discussion 

 The two study groups showed distinct differences that could be related to their clinical 

scale scores. GROUP B experienced a longer duration of depressive symptoms, as described by 

MADRS, across the 8 weeks of the study. This group also had significant functional connectivity 

changes from baseline to week 8, unlike GROUP A which exhibited none. The regions of 

interest (ROIs) that experienced this change were the left superior temporal gyrus (area TA2), 

the right superior temporal visual cortex, the left inferior frontal gyrus, the left parainsular area 

(Brodmann’s area 52), the right anterior ventral insula, the subgenual cingulate cortex 

(Brodmann’s area 24), the left inferior parietal lobule (area PFcm), the right lateral occipital 

cortex, the left frontal operculum and left lateral occipital cortex. These brain regions have either 

been implicated in the default mode network (DMN), the salience network (SN), or the 

perception of sensory stimuli (Wang et al., 2017; Molnar-Szakacs & Uddin, 2013; Uddin et al., 

2009; Davey et al., 2016;  Xu et al., 2016; Karten et al., 2013; Buckner et al., 2008; Menon, 

2015; Abdullaev et al., 2002).  

5.1 Functional Connectivity Networks & Major Depressive Disorder 

 As mentioned earlier, the DMN consists of cortical areas in the medial and lateral 

parietal, medial prefrontal, and medial and lateral temporal cortices in the brain (Raichle, 2015). 

Its activity decreases as attention moves to task states, due to its activation occurring mainly 

during relaxed states (Raichle, 2015). In healthy individuals, the DMN is responsible for self-

referential and introspective tasks (Mak et al., 2017). The functioning of this network in healthy 

controls is reliant on cognitive functioning; DMN resting-state functional connectivity decreases 

as cognitive functioning declines (Mak, 2019). This connectivity is also inversely correlated with 

age (Mak, 2019). This alteration in connectivity is displayed in MDD patients as well, such that 
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resting-state functional connectivity is decreased compared to healthy controls (Yan et al., 2019). 

The exact processes seen in MDD that are related to the DMN are self-focus, ruminative 

thoughts, and attentional control (Sliz & Hayley, 2012). Functional connectivity of the anterior 

regions of the DMN are involved in self-referential and emotional processes (Coutinho et al., 

2016). This was positively correlated with anxiety, depression scores, and MDD severity 

(Coutinho et al., 2016). Posterior portions of the DMN are involved in episodic memory and 

perceptual processing and are negatively correlated with anxiety and depression scores 

(Coutinho et al., 2016). The SN includes the anterior insula and dorsal anterior cingulate cortex 

and subcortical structures, such as the hippocampus (Menon, 2015). This network is involved in 

social behaviour, communication, self-awareness and the integration of sensory, emotional, and 

cognitive information (Menon, 2015). Altered functioning in the SN has been found to overlap 

with the DMN in MDD. When looking at both structural and functional connectivity data, it is 

difficult to differentiate between the two networks in patients with MDD – large differences 

occur mainly between disorders (eg. schizophrenia versus MDD) (Shao et al., 2018). There is an 

obvious interconnectedness between these networks and MDD.  

5.2 Resting-State Functional Connectivity of the ROIs 

Over 85% of the ROIs discovered in this study showed a decrease in functional 

connectivity across the 8 weeks. This was displayed in the group that experienced greater 

symptom severity for a longer duration of time. Although the MADRS score in this group did 

not increase from baseline to week 8, the prolonged presence of symptoms may have had an 

influence. Decreases in functional connectivity is seen in several of the regions when looking at a 

depressed population. The superior temporal gyrus (STG), responsible for auditory processing 

(Kambe et al., 2018), is one of those regions. The STG’s role in MDD functional connectivity is 
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often in reference to its association with the brain regions in the DMN. Decreased activity within 

the DMN, specifically the precuneus, medial prefrontal cortex and STG, has been observed in a 

clinically depressed population (Molnar-Szakacs & Uddin, 2013). The importance of the STG 

continues throughout the progression of MDD for it has an influence on both early and late 

stages of the disorder. Structural differences in the STG between MDD patients and healthy 

controls (e.g STG reductions in MDD) has been displayed in early-onset MDD, (Ramezani et al., 

2014).  Individuals with late-life depression showed both morphometric and functional changes 

(Harada et al., 2018). Gray matter volume, white matter integrity and functional connectivity in 

the STG and ACC were changed in these individuals. Gray matter volume was reduced in both 

the left ACC and left STG. Functional connectivity between the two brain regions was decreased 

and was positively correlated with global functioning (Harada et al., 2018).The ability to perform 

tasks and have shown a high level of global functioning requires the frontal lobe to be working 

efficiently. Global cognition, changes in behaviour, and executive functions are all regulated by 

the frontal lobe (Cao et al., 2015; Godefroy, 2003). Individuals diagnosed with MDD often 

experience frontal lobe dysfunction (Mayberg, 1994), which has been seen as performing worse 

than healthy controls on cognitive tasks (Channon & Green, 1999; Watkins & Brown, 2002; 

McDermott & Ebmeier, 2009). Tasks used to study MDD often mimic the behavioural 

symptoms experienced by these patients, such as behavioural inhibition, anhedonia, and 

attentional control. The inferior frontal gyrus is involved in both inhibition and attentional 

control (Hampshire et al., 2010), two processes often disturbed in MDD patients (De Raedt et al., 

2010). The literature has yet to find a direct link to the functional connectivity of the inferior 

frontal gyrus and depression, but it has been implicated in Bipolar Disorder (Roberts et al., 

2016). The frontal operculum also plays a pivotal role in task control in healthy humans (Higo et 
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al., 2011). However, its relationship with MDD is not well understood. The superior frontal 

gyrus is associated with MDD pathophysiology and cognitive functioning, as well (Fitzgerald et 

al., 2008; du Boisgueheneuc et al., 2006). Along with executive functioning, the ability to 

properly and appropriately process one’s emotions is often altered in MDD (Compare et al., 

2014). This dysregulation is due to regions involved in emotional control, such as Brodmann’s 

area 24, located in the subgenual ACC (Palomero-Gallagher et al., 2015). The subgenual ACC 

alone has been found to have a direct effect on emotional behaviour regulation, such that deep 

brain stimulation of this area improves depressive symptoms. (Mayberg et al., 2005; Drevets, et 

al 2008). The functional connectivity of the subgenual ACC has been used to predict symptom 

severity in mid to late adolescents with MDD (Brown et al., 2013). Brodmann’s area 24 

modulates emotional and cognitive behavioural domains responsible for processing fear and 

sadness, and activates interoception (Palomero-Gallagher et al., 2015). Brodmann’s area 24 has 

Von Economo neurons, which are responsible for quickly responding to instinctual/intuitive 

actions when in a social situation (Stevens et al., 2011). 

Emotional dysfunction has also been related to the insula, specifically due to the fact that 

it has been linked to greater rumination in MDD patients (Sliz & Hayley, 2012). This difficulty 

with accurately understanding one’s internal thoughts is illustrated by the insula’s connection to 

interoceptive awareness; patients with MDD experience a decreased neural response when 

tasked to perform interoceptive awareness in patients with MDD (Sprengelmeyer et al., 2011).  

The insula’s influences extend beyond thought processes and plays a role in the misinterpretation 

of sensory information in MDD (Sprengelmeyer et al., 2011). The association with sensory 

information is also seen in the superior temporal visual cortex, and the lateral occipital cortex. 

The temporal visual cortex is responsible for the interplay between the temporal and visual 
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cortices. The temporal lobe has been well-documented to play a role in MDD. The temporal lobe 

is responsible for memory, vision, language, emotion, and comprehension (Pandya et al., 2012). 

When in reference to MDD, temporal structures like the amygdala and hippocampus play a 

major role. There is also a very strong connection between temporal lobe dysfunction and the 

development of MDD (Pandya et al., 2012). Individuals with temporal lobe epilepsy often 

experience depressive symptoms.  

The visual cortex is responsible for more than just vision and is involved with the 

maintenance and use of sensory information. Cortical activation between the visual cortex and 

prefrontal structures has been shown to be decreased in MDD patients compared to healthy 

controls (Thang et al., 2017). This was specifically shown by decreased activation in visual 

association areas when trying to perform face and scene working memory tasks. It was 

concluded that the individuals that experience a high level of rumination, where unable to recall 

information pertinent to performing the tasks well (Thang et al., 2017). Interpreting visual 

information requires the coordination of multiple brain regions and relies on an individual’s 

personal thoughts to make sense of the stimuli. For instance, two individuals may view the same 

face or picture, but each will have their own opinion on the meaning.  MDD patients have been 

found to respond differently to neutral or emotionally valenced stimuli, compared to healthy 

controls. A study by Quevedo et al. (2018) found that depressed patients had decreased activity 

in areas implicated with emotional processing when viewing happy faces and increased activity 

for neutral and sad faces (Quevedo et al., 2018). Overactivation when exposed to neutral stimuli 

has been noted in the inferior parietal lobule as well; compared to healthy controls, MDD 

patients are unable to deactivate the inferior parietal lobule when viewing neutral stimuli (Müller 

et al., 2013). Neutral faces and content activate the brain differently in MDD than in healthy 
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controls (Oliveira et al., 2013) and this difference has been attributed to the behavioural 

misinterpretation of emotional stimuli seen in depressed patients. This misinterpretation often 

manifests as a tendency for MDD patients to readily store negative information (Levens & 

Gotlib, 2010).  Facial stimuli have been well-documented to elicit opposite reactions in MDD 

and healthy controls. One of the major parts of the network that regulates face perception and 

recognition is the lateral occipital cortex (Nagy et al., 2012). The lateral occipital cortex has also 

been found to show greater activation when viewing negative and neutral faces (Colich et al., 

2017).  

The strong connection between the ROIs found in this study and MDD, may show the 

efficacy of using resting-state fMRIs as an indicator of symptom severity in a depressed 

population. All but one brain region did not display the same change in functional connectivity 

illustrated by the literature – the inferior parietal lobule. The literature outlines that the inferior 

parietal lobule connectivity is increased in patients with MDD, while this study saw a decrease. 

It is possible the clinical heterogeneity of MDD, the small sample size or the interaction between 

symptom severity and functional connectivity could elucidate this change. A large portion of 

fMRI studies compare MDD patients to healthy controls, contradictory to this study that looked 

solely at clinically diagnosed patients. Since the groups were separated such that baseline 

MADRS scores were not statistically different, it can be speculated that GROUP B experienced 

greater symptom. Although the only clinical scores to show significance were PSQI (baseline 

and week 8) and the MADRS scores (week 8), it still illustrates an inherent difference between 

the groups. The MADRS score of GROUP B being significantly higher at week 8 is especially 

poignant, because this is the scale used to determine eligibility for the study. Functional 

connectivity could be more indicative of subjective symptom severity rather than physiological. 
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Due to many of the dysfunctions associated with MDD relating to thought processes such as 

emotional regulation, ruminative thoughts, and attentional control it is warranted that this was 

exemplified in the results of this study. 

5.3 Sleep and Polysomnography 

Although functional connectivity and clinical scale scores followed a trend, the other 

indicator of MDD symptom severity, sleep architecture, did not. At baseline the two groups only 

differed in the amount of time spent in NREM sleep and stage 2, while the number of 

awakenings was significant for week 8. Within-groups analyses found that GROUP A had a 

significant increase in the percentage of the amount of time spent in REM and GROUP B did not 

differ between baseline and week 8. There was no difference between GROUP A and GROUP B 

in multiple measures of SWS, REM sleep and sleep efficiency. MDD patients often have 

shortened time spent in SWS sleep and extended time spent in REM sleep compared to healthy 

controls (Thase, 2006). Due to positive relationship between symptom severity and sleep 

disturbances (Franzen & Buysse, 2008), it was hypothesized that the difference in symptom 

severity between the two groups would also be evident in the PSG parameters. Although at week 

8 GROUP B spent less time in SWS, had a shorter REM latency, and had lower sleep efficiency, 

it was not statistically significant. The lack of differences displayed by PSG measures could be 

due to the small size and the lack of variance that can occur in a depressed population. Another 

contributing factor that could have had an impact was the inability to measure breathing 

abnormalities during sleep. Obstructive sleep apnea is linked to depression in that obstructive 

sleep apnea severity is a dependent factor (Björnsdóttir et al., 2016). Knowing whether an 

individual suffers from obstructive sleep apnea would help differentiating between a psychiatric 

illness resulting from a sleep disorder with secondary mood symptoms and primary sleep 
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disorders. It is possible that having this information could have created a better profile of each 

group’s sleep architecture and a more valid conclusion. The difference between PSG measures 

and the measure of subjective of sleep disturbances, PSQI, also provides an interesting insight 

into the symptom dynamics of each group. Although the PSQI shows how subjective sleep 

quality is related to psychological symptom ratings, there are some discrepancies when it is 

compared to PSG sleep abnormalities (Buysse et al., 2008); high PSQI scores are not always 

accompanied by drastically altered sleep architecture (Manzar et al., 2015).  

Although there were not significant group differences, it is important to note how the 

sleep architecture of the participants relates to normal sleep architecture. The literature outlines a 

range of percentages that each stage of sleep should be between. Stage 1 should compromise 1-

5% of the entire sleep cycle, Stage 2 should be 45-55%, and SWS and REM should be 20-25% 

(Carskadon & Dement, 2011). When comparing these numbers to the means calculated for each 

group, one may conclude that these participants did not display abnormal sleep architecture as 

their percentages did not greatly stray from the expected ranges. This could be attributed to the 

fact that the participants have had less than three previous major depressive episodes and do not 

experience chronic depression. Sleep architecture has been known to worsen with both length of 

severity of symptoms (Markov & Goldman, 2006). The ingestion of either the probiotic 

supplement or placebo could also play a role in the lack of deviations in the groups’ sleep 

architecture. 

5.4 Conclusion 

The results create the picture that resting-state functional connectivity changes of the 

DMN, SN and sensory networks may be related to subjective measures of symptom severity. The 

participants were undergoing treatment (placebo versus probiotics) and the inability to know 
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their treatment poses an issue. However, this may be circumvented by the fact that functional 

changes displayed in treatment-responsive individuals is not dependent on the type of treatment 

(Mayberg et al., 2002). This suggests that the improvement of depressive symptoms elicits a 

specific change in the brain, despite treatment modality. It is possible that the some of the 

participants in GROUP A responded to their treatment, may it be placebo or probiotics, and 

therefore did not experience a significant change in functional connectivity. Those in GROUP B 

may have not had as robust or any response to their treatment and still yielded the neurological 

processes displayed in MDD. Both the cited study and current study have a very small sample 

size (17 and 7, respectively), which may suggest the robust nature of neurological changes 

associated with symptom improvement. 

Nonetheless, without knowing which participant is taking the supplement, it is impossible 

to make a concrete conclusion on the relationship between resting-state functional connectivity 

and symptoms of MDD. The conclusions made above are merely speculation based on the 

available information and not the true presence of causal relationships. 

5.5 Future Directions 

 As the field of GBA continues to bloom, the hope is that these preliminary results can be 

used to determine the efficacy of nutritional psychiatry. The use of resting-state fMRI scans may 

also provide a necessary addition to the literature when it comes to creating individualized 

profiles for psychiatric patients. Future studies should focus on using investigatory tools to 

predict symptom severity, as well as treatment response. 

At the completion of CAN-BIND12 it would be intriguing to see if these results relate to 

the treatment groups in any capacity. Using resting-state fMRI to see changes in functionally 
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connectivity between the treatment groups would also provide pertinent information on effects of 

probiotics on the symptoms of MDD. 

5 .6 Limitations 

 The most evident limitation to this study is the rather small sample size. Statistically 

speaking this sample size number cannot be used conclusively to make causative conclusions, 

due to the possibility of variance skewing results. To circumvent this, non-parametric testing was 

also employed to ensure that both forms of testing displayed significance for the same measures. 

Despite this, it was still not possible to investigate specific between group effects because the 

data was too unpowered. The inability to measure sleep apnea also poses a major limitation to 

the validity of the sleep architecture of each group. Obstructive sleep apnea is necessary to create 

an accurate representation of sleep architecture. The use of resting-state MRI scans creates 

another study limitation. Resting-state functional connectivity does not show structural 

connectivity, which identifies the exact tracts and structures connecting brain areas. These two 

forms of connectivity are related as functional connectivity is likely facilitated by structural 

connectivity (Meier et al., 2016). With resting-state scans it is difficult to discern the true 

functioning of the brain because the analyses were not on task-based scans. The blinding of the 

study also causes an issue because any change in symptoms cannot be attributed to the IP or the 

placebo effect. Both treatments could have been responsible for the improvement seen in the 

clinical scales displayed by GROUP A.  

 Although mean MADRS scores were used to separate the participants, there are different 

avenues that could have been taken. It would have been interesting to investigate sex differences 

as there was a near 50/50 split in the study population. Another compelling parameter would 

have been to use another behavioural test, Life Events and Difficulties Schedule, as the 
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separation tool. This would allow for the relationship between stress and resting-state functional 

connectivity to be investigated. Due to chronic stress playing a significant role in the etiology 

and progression of MDD, it could have provided an outlook at how functional connectivity is 

affected by life stressors. 
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APPENDIX 

Appendix A.  GROUP A Clinical Scales 
Paired sample t-tests displaying the within-group differences of the clinical scales for GROUP A 
from baseline to week 8. MADRS= Montgomery-Åsberg Depression Rating Scale, GAD-7 = 
Generalized Anxiety Disorder Scale, QIDS-SR16= Quick Inventory of Depressive 
Symptomatology, and PSQI= Pittsburgh Sleep Quality Index. 
 Group A 

(n=4) 
PSG Measure Mean Std. 

Deviation 
t-value df p-value 

MADRS 13.000 6.325 4.111 3 0.026 
GAD-7 8.500 3.416 4.977 3 0.016 
QIDS-SR16 2.250 2.217 2.029 3 0.135 
PSQI 0.250 3.096 0.162 3 0.882 

 
 
 
 
 
Appendix B. GROUP B Clinical Scales 
Paired sample t-tests displaying the within-group differences of the clinical scales for GROUP B 
from baseline to week 8. MADRS= Montgomery-Åsberg Depression Rating Scale, GAD-7 = 
Generalized Anxiety Disorder Scale, QIDS-SR16= Quick Inventory of Depressive 
Symptomatology, and PSQI= Pittsburgh Sleep Quality Index. 
 Group B 

(n=3) 
PSG Measure Mean Std. 

Deviation 
t-value df p-value 

MADRS 5.667 7.638 1.285 2 0.327 
GAD-7 3.333 3.512 1.644 2 0.242 
QIDS-SR16 0.333 2.517 0.229 2 0.840 
PSQI 0.667 1.528 0.756 2 0.529 
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Appendix C. GROUP A Polysomnography Measures 
Paired sample t-tests displaying the within-group differences of PSG measures for GROUP A 
from baseline to week 8. REM= Rapid Eye Movement, NREM= Non-Rapid Eye Movement, and 
SWS = Slow Wave Sleep. 
 Group A 

(n=4) 
 

PSG Measure Mean Std. 
Deviation 

t-value df p-value 

Total Sleep Time 
(min) 

40.635 42.3150 1.920 3 0.151 

NREM Sleep Time 
(min) 

50.500 40.616 2.487 3 0.089 

REM Sleep Time 
(min) 

-9.875 6.957 -2.839 3 0.066 

Sleep Efficiency 
(%) 

0.000 11.518 0.000 3 1.000 

Stage 1 (min) 6.8750 5.921 2.322 3 0.103 
% Spent in Stage 1 0.750 0.957 1.567 3 0.215 
Stage 2 (min) 46.500 49.711 1.871 3 0.158 
% Spent in Stage 2 6.000 6.000 1.492 3 0.232 
SWS (min) -2.8750 26.072 -0.221 3 0.840 
% Spent in SWS -2.500 7.188 -0.696 3 0.537 
REM Latency (min) 27.500 90.701 0.606 3 0.587 
% Spent in REM -4.750 2.754 -3.450 3 0.041 
Awakenings 4.750 8.261 1.150 3 0.334 
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Appendix D.  GROUP B Polysomnography Measures 
Paired sample t-tests displaying the within-group differences of PSG measures for GROUP B 
from baseline to week 8. REM= Rapid Eye Movement, NREM= Non-Rapid Eye Movement, and 
SWS = Slow Wave Sleep. 
 Group B 

(n=3) 
PSG Measure Mean Std. 

Deviation 
t-value df p-value 

Total Sleep 
Time (min) 

160.833 213.760 1.202 2 0.352 

NREM Sleep 
Time (min) 

124.833 119.076 1.816 2 0.211 

REM Sleep 
Time 
(min) 

36.000 114.751 0.543 2 0.641 

Sleep Efficiency 
(%) 

16.333 14.012 2.019 2 0.181 

Stage 1 (min) 0.333 13.013 0.044 2 0.969 
% Spent in Stage 
1 

-3.667 2.082 -3.051 2 0.093 

Stage 2 (min) 95.667 106.000 1.563 2 0.258 
% Spent in Stage 
2 

8.333 22.368 0.645 2 0.585 

SWS (min) 28.833 50.846 0.982 2 0.430 
% Spent in SWS -2.667 32.192 -0.143 2 0.899 
REM Latency 
(min) 

39.833 55.817 1.236 2 0.342 

% Spent in REM -1.667 13.503 -0.214 2 0.851 
Awakenings 8.000 8.000 1.732 2 0.225 

 


